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NACARM-10MISSILE(WITHFINS)AT A MACHNUMBEROF 1.62

13fTHEIANGLEY9-INCHSUPERSONICTUNNEL

By DonaldE.“Coletti

suMMARY

An investigationhasbeenmadeofa fin-stabilizedO.Ore-scale
modeloftheNACARM-10missileat a Machnumberof1.62anda Reynolds
numberof2.66X 106. Measurementsweremadeof theltit,drag,and
pitchingmomentof thefinnedbodyoveranangle-of-attackrangeof&.
Comparisonsaremadewithresultsobtainedfromothertestfacilities.

TheresultsshowthatchangingtheReynoldsnuniberfrom2.66x 106
(thevalueusedinthepresentinvestigation)to29.2x 106(thevalue
reportediuNACARME’50D28)hasnegligibleeffectuponthelift,pitching
mcment,andcenter-of-pressureposition.Thevaluesofthevariousdrag
coriponentsofthisinvestigationareingoodagreement.@th thosepre-
sentedinNACARME50D28andNACARM L72Alkwhenproperconsiderationis
givento thedifferencesofReynoldsnumber.Increasingtheratioof
sting-shielddiametertobasediameterdecreqsedthelift-curveslope,
gavea lessnegativepitching-moment-curveslope,anddecreasedthe
forehag at zerolift. ,,

INTRODUCTION

AS a partofa coordinatedresearchprogramto evalmte s~ak .
effectsat supersonicspeeds,testsarebeingconductedat various
NACAflightandwind-tunnelfacilitiesona slenderparabolicbodyof
revolution(withandwithoutfins),designatedas theNACARM-10missile.
Resultsthusfarobtafiedcovera widerangeofmodelscaleandReynolds
numberwithtia Machnumberrangefromapproxk.tely1.5to 3.5(refs.1
to U). Ingeqeral,correlationhasbeenconfinedtothedragcoeffi--”””
cientat zerolift.
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Thepurposeofthetestsreportedinthepresent

NACARM L52J23a

paperwasto-extend.
theinvestigationintheLangley9-tichsupersonictqel ortiezero-
liftdragcomponentsoftheNACARM-10bodyalone(ref.11)to include
theeffectsofthefinson.aO.OX-scalemodEl,andtodeterminethelift,
drag,andpitch-gmomentofthefinnedbodyoveranarigle-of-attack
rangeofi5°. Theeffectsupontheaerodynamiccharac~eristicsof
varyingtheratioof sting-shield@meter tobasediameterwerealso

.

C
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investigated.Thetestswereconductedat akch numberofL62 ~d a ,.,-
Reynoldsnumberof2.66x 106.

-. —+.- —.-

SYMBOIS .—i”

A maximumcross-sectionareaofbody ..

Al wettedareaofbodyforwardoffin-bodyjuncture

% wettedareaofbodyalone(surfaceareaforwtmdofbase) .

a angleofattackofmodel

CL lift- coefficient,Lift/c@

CD dragcoefficient,Drag/@

cm pitching-mmnentcoefficient
diameter,Moment/@L

dCm
C%=G atCL=O

db basediameter

maximumbodydiameter

.

-.
——

aboutthestationofmaximumbody

as sting-shielddiameteratmodelbase

—

-.

L lengthofbody “

2 distancefrommodelnosetofin-bodyjuncture

- -..-—

M Machnumber “

~ dynamicpressure,~~2/2

,.-

m
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b P streamdensity

r radiusofbodyatanaxiallocationr
R Reynoldsnumber,pVL/p

Rz Reynoldsnumberbasedon distanceZ to fin-bodyjuncture,
PvZ/p

v free-streamvelocity

x axialdistancefrommodel.nose

7 ratioof specificheatsofair

6’ coneangleof stingshield

w coefficientofviscosity

b Drag-coefficientsubscripts:

B basedragr
F foredrag(Totaldrag-Base drag)

f skin-frictiondrag

T totaldrag

w &ragof fourfins

w dragincrementperfin

APPARATUSAND

Tunnel

TESTS

TheLangley9-inchsupersonictunnelisa continuous-operation,
closed-circuittypeh whichthepressure,temperature,andhumidity
theenclosedaircanbe regulated.DifferenttestMachnumbersare,
providedby interchangeablenozzleblockswhichformtestsections
approximately9 inchessquare.Elevenfine-meshturbulence-damping
screensareinstalledintherelativelylarge-areasettlimzchsnber
aheadof thesupersonicnozzle.Measu&men;sof the
(streamdirection)componentofturbulencealongthe.

longi~udinal
centerlinein t

3
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entranceconeofthetunnelhaveindicateda root-mean-squarevalueof ●

approximately0.14percent(ref.11). A schlierenopticalsystemis
.-

providedforqualitativeflowobservations. , _ - : - >. “.:-+-~

..--..-

Model .. .-.,=.._.=-.
A drawtigofthe0.050-”s&ileNACARM-10model,givingtheyertinent

dimensions,isshowntifigure.~, Thebodyhasa parabolic-arcprofile
witha basicfineness,ratioof 15. To.facilitaterocket-motor@stal-
lationinthefree-flightmissile,therearwardportionof thebasic
profilewasremoved,thusgivigganactualfiqenessratioof I-2.2.Four
stabilizingfinsareattachedXo apartat therearofthebody.The6e
finshavea 600sweptbackleadingedge,‘ataperratio.of1.0)anda
10-percent-thickcircular-arcsectionnormaltotheleadingedge.

. . - .

-.

. .
----

.-

., .4. i

Balance z-.

Thelift,drag,andpitchingmoment~-ofthemissileweremeasured L
by mesrmofthetunnel’sexternalself-ba~c~g-b~~:scales.~~” “.

-.

modelwassting-mountedto.thebalancesystemanda stingshieldextended ““ -
-.

uptothebaseoft@emodelwitha gapof “approx~te~O.00~inch. .~ “- - ‘~-~
Thisstingshieldwassealedto-thebalancehousingbymeansofa rubber
boot. Fora moredetaileddescriptionoftheshieldinrelationtol+e

J.

body,seereferenceI-2.
.-

.-

Tests,General —.. ..—. J..-

Testswereconductedata Machnumberof 1.62anda Remoldsn~-.
berof2.66x 106basedohthebodylengthi”’Meastie&htsweremde of
lift,drag,andpitchingmomentaboutthestationofmaximumbo~ dimn-
eterforanangle-of-attackrangeof*5°. Base-pressitPemeasurements.
wereobtainedby theuseoforificeslocatedat themodelbaaeandin
thebalancehousing.The valuesofbasepress~eat ‘a= 0° inthis
investigationarerepresentativeo??ree-flightbase@esswes (nostfig)
onlywhentheeffectsduetotheratioof sting-shielddiametertobase
diameterarenegligible.Becauseof themethod.ofmoqntingthemO@l_
andtheunsymmetricalflowconditionsatanglesofat~ck notequalto.
Oo,themeasuredbasepressurewasnotrepresent+.at$ve-_offlightbase~
pressures.Therefore,th-ebase‘pressuresat a # 0° wereusedonlYtX-
obtaintareforcesforevaluatingmissilefore,@rag(Totaldrag- Base
hag).

.-

—
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Theeffectof supportinterferenceon”theaerodyziamiccharacteristics
ofthemissilewasinvestigatedby meansofthreestingshieldsofVE@ing * _

. . . . .....-
—
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b dismeters.Theirgeometricparsme,tersaregiveninfigure1. Thetis?s.
involvingthetwolargershieldsweremadeatvariousanglesofattack,
whereasthetestswiththesmallestshieldwere~de onIyat ~ awle of. .....+ attackof’OObecauseofthestructurallimitationof themodelsting.
Theangleofattackwasindicatedbysn opticalsysteminconjunction
witha smallmirrormounted.flushnearthebaseofthebody.”Thefins
ofthemissilewereinclined45°to theplaneofangleofattack. .

Throughoutthetests,thedewpointwasmaintainedbelow-20°Fj
wherecondensationeffectsarenegligible.

CORRECTIONSANDACCURACY

Theaccuracyofthefree-streamMachrmmiberis*0.01andrepresents
a msx3mumvariationabouta meanMachnumberthroughoutthetestsection.
Correctionshavebeenappliedto thedragof themodelatan singleof
attackof0° toaccountforthestatic-pressurevariationalongthetun- “‘-
nelcenterline.Thesamecorrectionswereappliedto themodelat
anglesofattack.It isrealizedthattheapplicationsat

.-
U+oo are

notstrictlycorrect;however,tieactu~ disp~cem~tofthemodel
(fromthetunnelcenterline)intraversingthroughitsrangeofangles
is small.

At a+ 0°2thepressureat themodelbasewasheldapproximately
at free’-streamstaticpressureby adjustingthepressure.~theba~nce
housingand,therefore,inthestingshield.Themaximumdeviation
fromthisfree-streamstaticpressuregavesm errorof*0.0005in Cm.
Thisinaccuracyisa partof thetotaluncertainty.At a = 0°)a
representativebasepressurewasobtainedby varyingthepressurein
thebalancehousingsoas to obtaina valueofbasepressurethatcorre- .
spendstoa conditionofessentiallynoairflowthroughthesting

—

shield.

Theestiiuatedaccuraciesof othertestvariablesandthevarious
coefficientsaregiven,b~mlow:

.
Reynol.dshumber.. . . . . . . . . . . . . . . . . . . . .*O-05x @
Initialangleofattack.. . . . . . . . . . . . . . . . . to.040
Relativeangleofattack. . . . . . . . . . . . . . . . . ‘ &o.olo‘“ ‘
Liftcoefficient.. . . . . . . . . . . . . . . . . . . . to.oo28
Pitchtig-momentcoefficient.. . . . . . . . . . . . . . . to.0022
Foretiagcoefficient.. . . . . . . . . . . . . . . . . . *0.0050
Basedragcoefficient... . . . . . . . . . . . . . . ... *O.OO1O ‘
Totaldragcoefficient. . . . . . . . . . . ... . . . . . -FO*O055 ~

.

.



NACAM L~2tT23a6

PRESENTATIONAllIlDISCUSSIONOFRESULTS 45
.

VariationsDue...toAngleofAttack

Lift,drag,andpitchingmoinefit,- The?eO”titsoft~”rneasur’ements‘-
ofthelift,foredrag,andpitching-momentcoefficients}atanglesof
attack,Of the fin-stabilizedNACAFM-lomissile~th two”different ‘“
stingshieldsaregi”veninfigures2 and3. Thedifferencebetweenthe
resultsforthetwostingshieldsisthegreaternonlinearityinthe
liftandpitching-momentcoefficientcurvesatt2°angle.of.attackfor.~

.. -

,- ~
.,...—

.-

-:.. <

theconfigurationtestedwiththelargersttigshield
(2= 0“99)”‘he.

largerstingshieldalsogivesa.slightly.les8positi-ve~ift-curveslope
at zeroliftanda slightlylessnegativepitching-momenti-curveslope.
Also,theabsolutevalueoftheforedragattiyangle”o~attacki’sleas““
forthelargerstingshield,AllofthesedifferencesMy be attributed
to thepresenceofthelargerStingshieldwhichcreateshigherpres-
suresintheseparatedregionovertheleesideoftheafterbody.

.-

“-.-=-
S

Centerofyressure.-Thevariationof center-of-pressure.position
withangleofattackisshowninfigure4, Thepositiontis-seentobe
essentiallyconstmtforthehigheranglesof@_ttackandislocatedat--“_
10.4bodydiametersbehind.thenoseof themissile.Theseresultsare
ingoodagreemeatwiththedataobtained’fromtestsofa O.0~-scale
modelat.theLewis8- by 6-footsupersonictunnel(ref.2)ata Reynolds

-..
T. .

—

nunberof29.2x 106,alsoshowninthefigureK-Thelocqtionofthe
centerofpressureobtainedfromtestsofan().08-s.talem.delat“the
Ames1-by 3-footsupersonictunnel(ref.7) ataMach”numberof 1.98

*

.
—~d Reynoldsnumbers“of8.6x 106and17.4x 106is10.3-”dimeters

fromth~noseforallanglesofattack,a valu”whichisalsoingood
agreementwiththepresentresults.Basedontheresultsobtainedin
thesethree-testfacilities,thereappearstobe littleorno effect
uponthecenter-of-pressurepositionfromReynol~number’orMachnum-
berwithintherangeOftheseinvestigations. ,

.
—.

——. .-
.—... ; ;.,..

ComparisonsofLift,Drag,“tidPitchingZ —

McnkntWithThoseFromOtherFacilities . . ------

Lift-andpitchingmoment.-A comparison.oftheliftandpitch@g-
momentcoefficientsofthepresent-investigationwiththerestits
obtainedinreference2 isshowmb figure5:l_Theresultsfromref-
erence2 (Lewis8-by 6-footsupersonictunriel)wereobta–~edat a
Reynoldsntibe”rofapproximately29;2x 206andatrMachnumbersot 1.49,

.—

., ~. ..= —=.:.— —— -.

●
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1.59, 1.78, and1.98.Inasmuchas theReynoldsnunberclifference
betweenthetwoinvestigationsislarge,thecomparisonsmaybe first-
orderonly,becausetheflowoveronemodelisessentiallylaminar
whilethatovertheotherisforthemostpartturbulent.Nevertheless,
theliftsmdpitching-momentdataof thetwofacilitiesareinfa~
agreement.

It shouldbe pointedoutthatwhereastheresultsofthepresent
investigationwereobtainedwiththefinsofthemissilerolled45Qto
theplaneofsingleofattack(fig.1),thefinsofthemissileinref-
erence2 wereparallelandnormalto theplxmeofangleofattack.

.-

Spreiterhasshowninreference13 thatlineartheorypredictsthatthe
liftandpitchingmomentwillbe independentoftheangleofrollat
smallanglesofattack.Thisisverifiedby resultspresentedinref-
erences14sad15-fordifferentwingplanformsandrollangles.It iS
furthershowninthesetworeferencesthatthedragisalsoindependent
ofrollangleof thefins. .

~.- A comparisonoftheforedragcoefficientsofthevarious
missilecomponentsatanglesofattackwithresultsfromotherfacili-
tiesis showninfigure6. Thedifferenceinthefore-dragresultsof “. .:
thefin-bodycofiination,at thesmalleranglesofattack,obtainedin
thisinvestigationfromthatobtainedintheLewis8-by 6-footsuper-
sonictunnel(ref.2) isdueprimarilyto thelargedifferencein
Reynoldsnuniber.Themodeltestedinthepresentinvestigationhas
essentiallylaminarflowoverthebodyupstreamof thefins,whereas
themodeltestedinthe8-by 6-footsupersonictunnelhasmostlytur-
bulentflow,whichresultsinconsiderablydifferentskin-friction
dregs. ExamplesoftheeffectsofReynoldsnumberon skin-friction
dragfortheRM-10bodymaybe seeninfigure18 ofreference11or
figure8 ofreference9. -.

To obl%inthedragofthefourfinsatanglesofattack,itwas
necessarytoresorttoan indirectmethodsinceno angle-of-attack
resultswereobtainedwiththebodyalone.Theresultsoftestsof
a 0.29-scalemodelofthebodyaloneinreference8 (Langley4-by
4-footsupersonictunnel)wereobtainedat testconditionssimilarto
thoseofthepresentinvestigation.As seenfromfigure6,thevalue
at Ooangleofattackis.igfqiragreaentwiththatobtainedinref-
erence11. Thedifferencebetweenthetwovaluesisperhapsdueto
thesmallvariationsinMachnumberandReyn”oldsnumberof thetwo
facilities..Byassumingthisdifferencetobe constantoverther~ge .: -..
ofanglesinvestigated,valuesofforehag wereobt.dnedforthebody
aloneby addingthisdifferenceto theresultsfromreference8. It h
realizedthatthesevaluesmaynotbe strictlycorrect,butinviewof ‘-
theforegoingdiscussiontheyappearjustifiableforthepurposeof
obtainingtrendsandordersofmagnitude.Thebody-alonevaluesthus
obtainedwerethensubtractedfromtheresultsforthefin-be@



.-

8 NACARM L52J23a .

combi~tionj“attheirrespectiveanglesofattack,toobtainthedrag
of thefourfins.Thesevaluesareshownintheright-hand-portion-of
fig~e 6 andarecomparedwiththeresultsfrom”ref&rence-2.“Itshould
be pointedout-t@t thedrag.coeff.ici.enttiy.thefour~inanotonly
includesthepressuraandskin-frictiondragsof the.finsbutalsothe
interferencebetween..thefinsplus..tieinterferencebetweenthefins
andbody’ In comparingtheresultsobtainedinthetwofacilities,it
is seenthatthedragof thefinsobtainedfromthepresentinvestiga-
tionisslightlylower”atangiesofattack’ofO.O“hnd10~n thecortie-
spondingdragsfrdgreference2,”whereasthesituationisreversedat
anglesabove1°. Thesedifferencesmay”&@ifibe attributedmainlyto
thelargedifference~ Reyinolds-num%er.

-a‘“__._r——+ *

..:
-...

.

.— —. -“ “f+
.=

—. .. -. . -
—

.—.. -—

EffectofVariableRatiosofSting-ShieldDiameterto
....—.---. m

BaseDiameterontheDragCoefficients. — ~

Thevariationof.thedragc~efficientswithdifferentratiosof ““-<”.~~._~
sting-shielddiametertobase“diameterds~dbatOo ang~’of“attackie .__.“S”;
shownin.figure7. —-_,

Totalbag .-Thevaluesobtatiedforthe.t.otal“drag~ftheffi-”“..“-.”””-.:~~_
bodycombinationinthepresentinvestigation.withthetwodifferent ‘...:___ <

(sting-shield”di@eters”~
)

= 0.49and0.72 areverynearlythesame.

NO values”oftotildragandb~sedragwereo%ta”~edforthemissile”wii~’-
-=.r,-

theratioof ds
—- = 0.99,sincethepressureat $hemodelbesewasmain-

--
db .

—
tainedata~roximatelyfree-streamstatic-pressure.A c~parisonof
theSe V_dues oftotildragforthefin-bowcombtiiion~-ththe”~lue”””- ‘- =
obtainedfromreference8 showsverygood.a@e~ent~Thevalueobtaj.ned
frOmreference2 isconsiderabQhi@erMa ~e~e res~ts;pr~i@”” “-”’‘
becauseofthegreaterextentofturbulentboundarylayerat we higher _ .__:
testReynoldsnmiiber.The”-e cmiptiisonsmay-beapplied_”tothebody-
aloneresultsobtainedfrmnreferences2j8,and,11.

. ----
., m

.—

—

,.

Basedrag.-Thetwobase-dregresultsforthe.f&bo& combination”.-
obtainedinthepresentinvestigationareessentiallyindependentof ““
ds/d~. Comparisonofthesere@.tswith.tioseob”tained.i~references2 ““
and8 showsthemtobe inverygoodagreement.;~is a~e~ent is due, ‘
in all probability,tothefin-bodyjuncture,whichcause8transition
froma laminartoa turbulentboundarylayerovertherear:portionof .:
thebody. As shownin reference”11,whentheflowisturbfilentthe
basedragisve

7
nearlyconstant,regardless”ofReynoldsn-umber.

..-_.
The””.==

body-aloneresulobtained”fromreference2 agreesverycl=s”elywithth~

-. -. .
.

.,

.-

.:-...+:
-_, . . ......”..-..+
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,

. valueforthefin-bodycombination.Thisagre&mentandthatshowntithe .”
precedingcomparisonindicatethatinthisMachnumberrangetheeffects
of theftisuponthebasepressureareforthemostparteliminatedwhen- .d
theReyhollisnwiher“exceeds“thatfornaturaltrsmitionon thebodyalone;
thisReynoldsnmber wasshotiinreference11tobe near9 X 106ata ‘“....
I@chnumberof 1.62.Thebase-dkagvaluesofthebodyaloneobtained ““
from.references8 and11areinexcellentagreementregardlessofthe

—

differentratios.of ds/db.I

Fore&g .-As showninfigure7,varyingtieratiosof ds/db
from0.49to 0.72hasno effecton theforedragofthefti-bodycombi-
nationinthepresentinvestigation.However,when ds/db isequalto
0.99thevalueofforedragisreducedapproximately10percent.Recent
schlierenphotographs,obtainedinthe9-inchsupersonictunnel,ofa
fin-stabilizedparabolicbodyofrevolutionwithvaryingratiosof
d~/db (ref.16)showthatwhenthesting-shielddiameteris.considerably
lessthanthebasedismeter,theflowisallowedto continueitsexpm- .
sionbeyond:thebaseofthemodelbeforereachingthesting.At this

9 point,theflowmustturnthroughan angletobe parallelto thesting,
consequentlyproducinga trailingshock.Whentheratioof ds/db is
increasedto 0.99,theshockmovesforwardto thebaseofthemodel.The
presenceofthetrailingshockat.themodelbasecausesseparationfor-
wardofthebasead allowsthehigher-pressureairbehindtheshockto
flowforwardintothedead-airregionandboundaryl-aYer,thUSreducfig
theover-allforedrag.

.-.

..-

Thesolidlineonfigure7 representsa-theoreticalestimateofthe
foredragof thefin-bodycombinationat a Machnumberof1.62anda ~/
Reynoldstimberof2.66x lob. Thistheoreticalfore-dragestimateis
thesummationofthepressuredragof thebodyalone,theskin-friction
drag-ofthebodyalone,thefinpressuredrag,andthefinskin-friction
drag.No calculationsweremadeof interferencesrisingbetweenthefins
andbody. Theequationsusedinthecalculationofthebodyforedrag
werebasedon theconclusionsreachedinreferenceI_I.,whichstatesthat
themethodofLighthill(ref.17)andthemethodofJonesandMargolis
(ref.18)gavea fairpredictionofthepressuredrag,thattheBlasius
incompressibletheorygavea ‘satisfactorypredictionofthelsmd.narskin-
frictiondrag,andthattheFrankl-Voishelextendedtheory(ref.19)gave
a reasonablepredictionoftheturbulentskin-frictiondrag.Thetheo-
reticalpressuredragusedinthecalculationoftheforedragofthe
fin-bodycombtiationhasthereforebeentakenas theaverageof the
resultsobtainedby themethodofLi@thilland”themethodofJonesand
Margolis.Theskin-frictiondragof thebodyalonewasobtainedby
assuningthattheflowoverthebodyforwardofthefin-bodyjuncture
waslsminarandthatbehindthisjuncturetheflowwasturb~ent.me .

N Blasius-incompressibletheoryforlsminarskin-frictiondragandthe

-.

,. .—-

. ---

.
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Frankl-Voishelextendedtheoryforturbulentskin-fri=-tlondragwere q
combinedtoobtainthetotalskti-frictiondragofthebodyinthefol-
lowingequation: .— ~-–

cDf=LJ2w+!L@k 1 0.467 Aw-Al

r T( )
(1)

RZ R l+&M2 A
.—. .---------

Thepressure”dragofthefinswascomputedby themethodofreference20,- - -
andthefinskin-frictiondragwascomputedby theBlasiusincompressi-
bletheoryforIamlnarflow.Thisesthateof-theforedragofthefin-
bodycombinationisinfairagreementwith“theresultsobtainedinthe -:
presentinvestigation. . ._..-,=..-, . ......

Thevalueofforedragforthefin-bodycombinationobtainedfrom
reference8 is inexcellentagreementwiththeresultsofthisinvesti-
gation.However,thevalueobtainedfromreference2 isconsiderably
higherthantheseresultsbecauseofthehigherskin-frictiondrag
resultingfromthegreaterregionsofturb@entboundarylayer.The
fore-dragresultsobtainedfromreferences2,8,andl.1forthebody
aloneindicatethes“~etrendsasthefore-dragresultsfor.thefin-
bodycombination.-Thedashedlineonfigure7 representstheextra-
polatedexperimentalforedrag“ofthebodyaloneata Machnumberof
1.62anda Reynolds-ritiberof30x 106,obtainedfromreference11;
Thishag valueisinfairagreementwithmat obtainedfrorn.reference_2.

W .- Infigure7 all ofthedrag-per-finresults
obtainedint e presentinvestigationand,thosefromreferences2 and.8
areinexcellentagreementregardlessofthedifferentvalues of ds/db.
Thevaluesofforedragforthefinsinthisinvestigationwereobtained
as thedifferencebetweentheforedragof thefin-bodycombinationand
thatofthebodyalone.Alsoshownonthisfigureisa theoreticaldrag
estimateforonefinati~hfac.hnumberof1.62anda“Reynoldsnuriberof
2.66x.106.me equationsusedinthisc&nputationwerethesaneas
thoseusedinobtainingthetheoreticalforedragof thefin-bodycom-
bination.It shouldagainbepointedoutthattheexperimentalresults
includeanyinterferencearisingbetweenthefinsandbody,whilethe -
theoreticalestimateoffindragincludesonlythesummationof the

—.-
.“

-..

r-’

.

.,

.-
-.

“.

pressure.drag
perfinis in

andlsmharskin-frictiondrag;Thispredictionof drag- -—-
excellenta~eement.withtheexperimentalresults.

CONCLUSIONS — ..-...-

.

An investigationhasbeen~de intheLmgley9-inchsupersonic s
tunnelofa fin-stabilized0.050-seal.emodeloftheNACARM-10missile
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. ata hfachnumberof 1.62anda Reynoldsnumberof2.66x 106. Measure-
mentsweremadeof thelift,drag,~d pitti~gmomentover~ ~gle-of-

J attackrangeof~5°,andcom@risonsweremadewithstiilarresults
obtainedinothertestfacilities.Theeffectofvaryingtheratioof
sting-shielddiametertobasediameterontheaerodynamiccharacteris-
ticswasalsoinvestigated.Thefollowingconclusionsareindicated.

1.Comparisonoftheresultsof.thisinvestigationwithresults
presentedinNACARME50D28(0.50-seal.emodel)showsthatmgtig the.
Reynoldsnumberfrom2.66x 106to29.2x 106hasno appreciableeffect
onthevaluesof theliftandpitching-momentcoefficients.

2.Thecenter-of-pressurepositionisessentiallyconst=toverthe
angle-of-attackrangeofthisinvestigation.A comparisonofthepresent
resultswiththosereportedinNACARME50D28(0.’jO-scalemodel)and
NACARMA51G13(0.08-scalemodel)indicatesthatlittleorno changeof
positionduetomodelscaleoccurswithintheMachnumberandReynolds.
numberrangeoftheseinvestigations.

●

3. WithproperconsiderationofReynoldsnmber,thereisgood
agreementofthevariousdragcomponents(totalbase,andforedragof

~thecompleteconfigurationandthedragperfin withtheresults
—

.
reportedinNACARME50D28(0.50-scalemodel)andNACARM L52A14
(0.29-scalemodel)at 0°angleofattack. !

4.Increasingtheratioof sting-shielddiametertobasedlsmeter
decreasedthelift-curveslope,gavea lessnegativepitching-manent- . —
curveslope,anddecreasedtheforetiagat zeroIfito

LangleyAeronauticalLaboratory,
NationalAdvisoryComnitteeforAeronautics,

LangleyField,Va.

*

“



12

.- .- ..—

mcARML72J23~
----= ““-”..

REFERENCES — ..----- i -y—

1.Luidens,RogerW.,andSimon,PaulC.: A~To~c ~aracteristics ““-~ “it:
ofNACARM.1OMissilein8-by 6-FootSupersonicWindTunnelat
MachNumbersFrom1.49to 1.98.I - Presentation6ndAnalysisof

—

PressureMeasurements(StabilizingFtisRemoved). NACARME~DIO,
-.”““—-:.

L9.5Q. .-
.

2.Esenwein,FreudT:, Obery,Leonard~.,-tid;S&ue”ller,-”CarlF.: Aero-
_ic CharacteristicsofNACARM-10Missilein8-by 6-Foot

—

SupersonicWindTunnelatMachNumbersFrom1.49to 1.98.II -
Pres~tationandAnalysisofForceMeastiement-s.~ACA RME50D28;‘- ‘“ -
1950. “ ‘ 7

3.Luidens,RbgerW.,andSimon,PaulC.: Aero_ic Characteristics
ofNACARM.1OMissilein8-by 6-.FootSupersonic,W@dTunnelat 1
MachNumbersfrom1.49to1.98.111- AnalysisofForceDistribu-
tionatAngleofAttack(StabilizingFinsRemoved).NACARME~Ilg~
1950.

...
4.Jackson,H.Herbert,Rmsey,CharlesB.,~d Chauvin,LeoT.: Flight--

MeasuranentsofDragandBasePressirreofa Fin-StabilizedParabolic
BodyofRevolution(NACARM-10)atDifferentReynoldsNumbersand
atMachNumbersfrom0.9to 3.3. NACARM L~24, 1950.

5.”Chauvin,LeoT.,andde$foraes,
—

Cs.rlosA.: CorrelationofSupersonic
ConvectiveHeat-TransferCoefficientsFromMeasurementsoftheSkin..
Temperatureofa ParabolicBodyofRevolution(NACARM-10).NACA
RM L51A18,1951.

6. Rumsey,ChtilesB.,andLoposer,J.Dan: AverageSkIn-FrictionCoeffi-
cientsFromBoundary-LayerMeasurementsinFlightona Parabolic
BodyofRevolution(N&2ARM-10)atSupersonicSpeedsandatLarge
ReynoldsNuhbers.NACA.’RML51B1.2,1951.” ,-

. ...—
—-

. .. —--+

- =-4-

u-
..

*.-—

—-. —

-—. ..-. . .

.—-----

7.Perkin6j”EdwardW.;G&n, ForrestE.,andJorg&en,’LelandH.:- – ‘:“-”:–=
AerodynamicCharacteristicsoftheNACARM-10Rese=ChMissilein
theAmes1-by 3-FootSupersonicWindTunpelNo.2_-Pressureand .-..-_.;
ForceMeasurementsatMachNumbersof 1.52and1.98.NACA
RMA51G13,195.1.

8. Hasel,LowellE.,Sinclair,ArchibaldR.,~dI&ilton, ClydeV.: ‘“”‘–””
prelimq InvestigationoftheDrag-CharacteristicsoftheNACA ..___
IM-10MiseileatMach.Numbersof2.40arid1,~ in$heLangley4-by
~Foot-Supersonic.Tunnel.NACARML52A14,1952.

.,. —-
.. .-.

-----



13

*

.

9. Czarnecki,K. R.,end.Marte,JackE.: Skin-FrictionDragandBoUud-
a&y-LayerTransitionona ParabolicBodyofRevolution(NACARM-10)
ata MachNwnberof 1.6intheLsngley4-by 4-FootSupersonic“
PressureTunnel.NACARML5X24,1952.

10. Czarnecki,K. R.,sndSinclair,A&hibaldR.: PreliminaryInvesti-
gationof theEffectsofHeatTrsmsferonBoundary-LayerTransition
ona PsrabolicBodyofRevolution(NACARM-10)ata MachNumberof ,
L 61. NACABM L52E29a,1952.

u. Love,EugeneS.,Coletti,DonaldE~~~dBr~j Aww~ Fo: Inv=ti@-
tionoftheVariationWithRemoldsNumberof theBase,Wave}and ----
Skin-FrictionDragofa ParabolicBodyofRevolution(NACARM-10)
atMachNumbersof1.62,1.93,and2.41h theLsnQey9-Inch
SupersonicTmMel. NACARM L52E21,1952.

W. Rainey,RobertW.: Lsngley9-InchSupersonicTunnelTestsQfSeveral
Modificationsofa SupersonicMissileHavingTandemCruciform
LiftingSurfaces.Three-ComponentDataResultsofModelsHaving
RatiosofWingSpantoTailSpanEqualto 1. NACARM L9L30,1951.“- _

13. Spreiter,JohnR.: TheAerodynamicForcesonSlenderPlane-and
Cruciform-WingandBodyCombinations.NACARep.962,1950(Super-
sedesNACATN!s1897and1662.)

14. Grigsby, CarlE.: TestsatMachNunber1.62ofa S“eriesofMissile
ConfigurationsHavingTanda CruciformLiftingSurfaces.NACA
RM L51J15,1952.

15. Rainey,RobertW.: An InvestigationofSeveralSupersonicMissile
ConfigurationsDirectedTowardMtiimizingCenter-of-PressuxeTravel.
NACARML52G01,1952.

.-

16. Iave,EugeneS.,andO’Donnell,RobertM.: InvestigationsatSuper-
sonicSpeedsof theBasePressureon”BodiesofRevolutionWithand
WithoutSweptbackStabilizingFins. NACARML52J2k,1952.

17. Lightiill, M. J.: S~ersonicFlowPastBodi,esofRevolution.R.& M. ““
No.2003,BritishA.K.C.,1945. ,-.

18. Jones,RobertT.,andMargolis,Kenneth:FlowOvera SlenderBoW of
RevolutionatSupersonicVelocities.ww ~ 1081,1946.

19. Rubesin,Morris W.,Maydew,RandallC.,andVar”ga,StevenA.: An -
AnalyticalandExperimentalInvestigationoftheSkinFrictionof .
theTurbulentBomdaryLayerona FlatPlateatSupersonic
NACATN 2305>1951.

Speeds.



14 NACARM L52J23a

20.Harmon,SidneyM.,and“Swzmson,Margaret-D1-:
—. .+

Calculationso-f“the - ‘““..i“~
Supersonic”Wave.Dragof.NonliftingWingsWithArhitrWySweepback
andAspectRatio.
1947.

w~~~.SwePtB~~a. the_@@_LiQe@_~NACA~ 1319,
-~

. ——-..

.-. . .

.

“-

. .

..— -—.
—- .

..-.

c <-----,-——.-



L ,I *

t
—l=’ — .—.

x— ~oX s0.600]

Moment center attack mirror

r= 0.1333 x-().()148x2

/-0.895 radius

Angle-of-

X

3-
attack plane

-a —+a

Mirror EaEl
Figurel.-DrawingofO.O~-scalemtielof~ACARM-10missile.

dimamionaareininches.
Alllinear

.-

G

l.’
I },



..-

16 . ‘NACARM L52J23a -,

—.—

.

— .---- .

.

.

Figure2.-
missile
0.72at
Flagged

Angleof attack, a, deg

Aerodynamiccharacteristicsofthefin-stabilizedNACA”RM-lO-- .-.“,...:
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Figure3.- Aerodynamiccharacteristicsofthefin-stabilizedNACARM-10
missilewiththeratioof sting-shielddiametertobasediameterof
‘0.99at a Machnumberof 1.62anda Reymoldsnumberof2.66x 106. ..—
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